Abstract: Using chitosan modified soil to flocculate and sediment algal cells has been 7 considered as a promising strategy to combat cyanobacteria blooms in natural waters. 
Introduction

27
Excess qualities of nutrients have been discharged into fresh waters, inducing a 28 global environmental epidemic of cyanobacteria blooms (Paerl and Huisman, 2008) .
29
Such blooms pose serious threats to aquatic life, fish industry, local tourism, and 30 2 water quality in lakes, rivers and reservoirs (Beaulieu et al., 2005) . They also threaten 31 drinking water safety, such as the drinking water crisis in Wuxi City, China in 2007 32 (Guo, 2007) . 
52
The key mechanism of chitosan modified soil/sand to remove cayanobacteria maximally 60% was achieved in 4 hours with the same dosage (Li and Pan, 2013) .
67
Further studies proved that after the pretreatment, the magnitude of zeta potential (ZP),
68
which gives a measurement of the apparent surface charge, was significantly reduced 69 from -67.9 mV to -30 mV, which greatly increased the flocculation potential of M.A.
70
cells and hence achieved higher removal efficiency (Li and Pan, 2013) .
71
Reducing the magnitude of negative zeta potential means charge neutralization The kernels were grounded in a coffee grinder to become particles of ∼300 μm and chitosan was prepared freshly for each experiment.
127
The soil was collected from lakeshore of Meiliang Bay, Lake Taihu, washed with 128 deionized water, dried at 100 ℃ for 10 h, and then grounded and sieved through 180 129 mesh (< 90 μm).
130
To modify the soil, a certain volume of chitosan solution (1 mg/L) was added to a respectively. According to the pre-experiment (Fig. 1) , the optimal dosage of 2 mg/L 150 6 chitosan modified 10 mg/L soil was added to the algae solution and stirred (six-head 151 stirrer ZR3-6, made in Shenzhen, China) at 300 r/min for 1 min, then 120 r/min for 2 it was more negatively charged (-67.9 mV) (Fig. 2) . This was probably because of the 
Removal efficiency of M.A. cells with different ZP
195
To study the flocculation of M.A. cells less negatively charged when using of MO of 1 mL, 2 mL, 3 mL, 4 mL and 5 mL, the magnitude of ZP was reduced to
200
-20.7 mV, -6.7 mV, -3.7 mV, +0.4 mV and +2.7 mV, respectively (Fig. 3A) . Due to the 201 reduction of repulsive force, MO itself can remove some algal cells (Fig. 3B) . As the 
214
Reduction of the magnitude of ZP to -20.7 mV was sufficient for the chitosan to 215 flocculate the M.A. cells (Fig. 3B) between -3.7 and +2.7 mV (Fig 3B) , the floc size became small (as discussed below)
221
and hence the overall removal efficiency was decreased. and +2.7 mV (Fig. 5) , the latter was much more fragile and smaller than the former,
237
which directly proved the effect of ZP to the netting and bridging process of chitosan.
238
Algal floc size directly affected the sedimentation kinetics of M.A. cells after 239 flocculation (Fig. 6) . The maximum removal efficiency of 90% was achieved in 30 240 min for the M.A. cells at the ZP of -6.7 mV due to the rapid formation and size 241 growth of algal flocs (Fig. 4) , whereas 240 min was needed to obtain the same 242 removal efficiency when the ZP was +2.7 mV and only about 50% of alga cells were 243 removed as long as 480 min when the ZP was -67.9 mV. After adjusting ZP to -6.7 mV,
244
the MO alone can remove algal cells due to the reduction of repulsive force between 245 particles, however, if without the netting and bridging function of chitosan, 120 min 246 was needed to sediment the small MO-flocs (Fig. 6) .
247
Sedimentation was regarded as a major challenge for chemical coagulation and (Fig. 4) is crucial for flocculating cyanobacteria blooms 261 successfully in natural waters. According to the removal efficiency ( Fig. 2 and Fig. 3) , 262 floc size growth process (Fig. 4 and Fig. 5 ) and sedimentation kinetics (Fig. 6) , the removal efficiency and these factors needs to be further studied. 
